We present U BV RI photometry for 392 star clusters and candidates in the field of M33, which are selected from the most recent star cluster catalog. In this catalog, the authors listed star clusters' parameters such as cluster positions, magnitudes and colors in the U BV RIJHK s filters, and so on. However, a large fraction of objects in this catalog do not have previously published photometry. Photometry is performed using archival images from the Local Group Galaxies Survey, which covers 0.8 deg 2 along the major axis of M33. Detailed comparisons show that, in general, our photometry is consistent with previous measurements. Positions (right ascension and declination) for some clusters are corrected here. Combined with previous literature, we constitute a large sample of M33 star clusters. Based on this cluster sample, we present some statistical results: none of the M33 youngest clusters (∼ 10 7 yr) have masses approaching 10 5 M ⊙ ; roughly half the star clusters are consistent with the 10 4 to 10 5 M ⊙ mass models; the continuous distribution of star clusters along the model line indicates that M33 star clusters have been formed continuously from the epoch of the first star cluster formation until recent times; there are ∼ 50 star clusters which being overlapped with the Galactic globular clusters on the color-color diagram, and these clusters are old globular clusters candidates in M33.
INTRODUCTION
The importance of the study of star clusters is difficult to overstate, especially in the Local Group galaxies. Star clusters, which represent, in distinct and luminous "packets", single-age and single-abundance points and encapsulate at least a partial history of the parent galaxy's evolution, can provide a unique laboratory for studying the ongoing and past star formation in the parent galaxy.
M33 is a small Scd Local Group galaxy, about 15 times farther from us than the LMC (distance modulus (m − M ) 0 = 24.54 ± 0.06; McConnachie et al. 2004 McConnachie et al. , 2005 . It is interesting and important because it represents a morphological type intermediate between the largest "early-type" spirals and the dwarf irregulars in the Local Group. So, it can provide an important link between the cluster populations of earlier-type spirals (Milky Way and M31) and the numerous, nearby latertype dwarf galaxies.
Although in the work of M31 globular clusters, Hubble (1932) remarked that he discovered some twenty or fifteen diffuse objects in M33 and remarked that they averaged about 1.5 mag fainter than the globular clusters in M31, Hiltner (1960) did the pioneering work of M33 star clusters. In his work, Hiltner (1960) used photographic plates taken with the Mt. Wilson 100 inch (2.5 m) telescope to photometer 23 M33 cluster candidates and 23 M31 globular clusters in the U BV passbands, and found that, except for five ones, the clusters in M33 are bluer and fainter than those in M31.
At the same time, Kron & Mayall (1960) did photoelectric observations for 4 M33 star clusters. And then, Melnick & D'Odorico (1978) detected 58 star clusters in M33 based on a baked IIIa-J+GG385 plate which covering a field of about one degree in diameter. The most comprehensive catalog of nonstellar objects in M33 was compiled by Christian & Schommer (1982 , 1988 , who detected 250 nonstellar objects by visually examining a single photographic plate taken at the RitcheyChrestien focus of the 4 m telescope at Kitt Peak National Observatory, and obtained ground-based B, V , and I photometry of 106 of these objects, for which they believe to be star clusters. Recently, Mochejska et al. (1998) detected 51 globular cluster candidates in M33, 32 of which were not previously cataloged, using the data collected in the DIRECT project Stanek et al. 1998) . Since the pioneering work of Chandar et al. (1999a) , the era of detecting and studying M33 star clusters based on the images with Hubble Space Telescope (HST) has begun (Chandar et al. 1999a (Chandar et al. ,b,c, 2001 (Chandar et al. , 2002 Bedin et al. 2005; Park & Lee 2007; Stonkutė et al. 2008; Huxor et al. 2009; San Roman et al. 2009; Zloczewski & Kaluzny 2009 ). Ma et al. (2001 Ma et al. ( , 2002a Ma et al. ( ,b,c, 2004a constructed spectral energy distributions (SEDs) in 13 intermediate filters of the Beijing-Arizona-Taiwan-Connecticut (BATC) photometric system for known M33 clusters and candidates from Melnick & D'Odorico (1978) , Chandar et al. (1999a Chandar et al. ( , 2001 and Mochejska et al. (1998) , and estimated cluster properties. In order to construct a single master catalog incorporating the entries in all of the individual catalogs including all known properties of each cluster, Sarajedini & Mancone (2007) merged all of the above-mentioned catalogs before 2007, for a summary of the properties of all of these cata-logs. This catalog contains 451 candidates, of which 255 are confirmed clusters based on HST and high-resolution ground-based imaging. The positions of the clusters in Sarajedini & Mancone (2007) were transformed to the J2000.0 epoch and refined using the Local Group Galaxies Survey (LGGS; Massey et al. 2006) . In addition, some authors used the images observed with the MegaCam camera on the 3.6 m Canada-FranceHawaii Telescope (CFHT/MegaCam) to detect star clusters in M33 (Zloczewski et al. 2008 ; San Roman 2010); Sharina et al. (2010) presented the evolutionary parameters of 15 GCs in M33 based on the results of mediumresolution spectroscopy obtained at the Special Astrophysical Observatory 6-m telescope. Most recently, Cockcroft et al. (2011) search for outer halo star clusters in M33 based on CFHT/MegaCam imaging as part of the Pan-Andromeda Archaeological Survey (PAndAS).
As Sarajedini & Mancone (2007) pointed out that, the photometry of M33 clusters and cluster candidates are from the various original catalogs which are all on different zero points. In addition, more than 160 clusters and cluster candidates do not possess any photometric data in the M33 adopted cluster catalog of Sarajedini & Mancone (2007) . So, it is important to provide photometry for these clusters and cluster candidates of M33 which being without any photometric data, and it is also important to provide photometry for clusters and cluster candidates of M33 in the same photometric system.
In this paper, we perform aperture photometry of 392 M33 star clusters and cluster candidates based on the LGGS images of M33. These sample clusters are selected from the M33 adopted cluster catalog of Sarajedini & Mancone (2007) . This paper is organized as follows. §2 describes the sample selection and U BV RI photometry. In §3, we present an analysis of the cluster properties. Lastly, our conclusions are presented in §4.
2. DATA 2.1. Sample We selected our sample star clusters and cluster candidates from the M33 adopted cluster catalog of Sarajedini & Mancone (2007) , which is a compilation of photometry and identifications from many previous catalogs. This catalog contains precise cluster positions (right ascension and declination), magnitudes and colors in the U BV RIJHK s filters, metallicities, radial velocities, masses and ages, where available, and galactocentric distances for each cluster. However, from this catalog, we can see that, for more than 160 objects there are not any photometric data. So, homogeneous photometric data are urgently needed. We used archival U BV RI images of M33 from the LGGS available from their ftp site 3 , which covers a region of 0.8 deg 2 along the galaxy's major axis. The images we used consist of 3 separate but overlapping fields with a scale from 0. ′′ . We employed iraf/daofind to find the sources in the images and match them to the coordinates of the M33 adopted cluster catalog of Sarajedini & Mancone (2007) . In this paper, we will perform photometry for star clusters and cluster candidates in the M33 adopted cluster catalog of Sarajedini & Mancone (2007) , in which there are 393 star clusters and cluster candidates. To prevent mistakes, we checked each object visually in the images. Except for 3 objects (8, 287 and 417), the coordinates presented by Sarajedini & Mancone (2007) are of sufficient accuracy to make the objects be easily discernible. For objects 8 and 287, the offsets of the coordinates presented by Sarajedini & Mancone (2007) Christian & Schommer (1982) , its R.A. and REC listed by Sarajedini & Mancone (2007) are 01:34:36.92 and +30:03:47.6 (J2000.0), which falls the outside of the region covered by the LGGS images, however, its R.A. and REC listed by Christian & Schommer (1982) are 01:29:47 and +30:12:44 (J1950.0), i.e. 01:32:35.88 and +30:28:07.96 (J2000.0). The offset of these two sets of coordinates given by Christian & Schommer (1982) and Sarajedini & Mancone (2007) is too large. So, the R.A. and REC of object 417 presented by Sarajedini & Mancone (2007) may be typing error. Based on the original R.A. and REC listed by Christian & Schommer (1982) , we found that only one object exits within 20 ′′ , so it is reasonable that this object is U139 of Christian & Schommer (1982) , whose R.A. and REC derived based on the LGGS images are 01:32:35.786 and +30:28:09.16 (J2000.0). In addition, according to the R.A. and REC presented by Sarajedini & Mancone (2007) , object 268 and 269 is the same source. We delete number 268. So, the last sample of this paper includes 392 star clusters and cluster candidates of M33, which are selected from the M33 adopted cluster catalog of Sarajedini & Mancone (2007) . Figure  1 shows the spatial distribution of the 392 objects in the LGGS fields. The large ellipse is the D 25 boundary of the M33 disk (de Vaucouleurs et al. 1991) . The 3 large squares are the LGGS field boundaries.
Integrated photometry
We used the LGGS archival images of M33 in the U BV RI bands to perform photometry.
Previously, Massey et al. (2006) compiled point-spreadfunction (PSF) photometry for 146,622 stars (point sources) in the M33 fields, with photometric uncertainties of < 10% below V = 23 mag. However, there is as yet no published LGGS photometry for extended sources, such as star clusters and galaxies.
We performed aperture photometry of these 392 M33 star clusters and cluster candidates found in the LGGS images in all of the U BV RI bands to provide a comprehensive and homogeneous photometric catalog for these objects. The photometry routine we used is iraf/daophot (Stetson 1987) . To determine the total Sarajedini & Mancone (2007) and their loci in the LGGS fields. We determined the photometry for these objects based on the LGGS archival images of M33 in the U BV RI bands. The large ellipse is the D 25 boundary of the M33 disk (de Vaucouleurs et al. 1991) . The three large squares are the LGGS fields.
luminosity of each cluster, we produced curve of growth from V -band photometry obtained through apertures with radii in the range 3-40 pixel with 1 pixel increments. These were used to determine the aperture size required to enclose the total cluster light. The most appropriate photometric radius that includes all light from the objects, but excludes (as much as possible and to the extent that this was obvious) extraneous field stars is adopted. Figure 2 shows curves of growth for 8 clusters selected randomly according to luminosity. In Figure  2 , the most appropriate photometric radius needed for photometry is indicated by triangles. In addition, we have checked the aperture of every sample object considered here by visual examination to make sure that it was large enough to include all light from this object, but not too large (to avoid contamination from other sources). The local sky background was measured in an annulus with an inner radius which being larger 1 pixel than photometric radius and 5 pixels wide, in which the mode was used. The instrumental magnitudes were then calibrated to the standard Johnson-Kron-Cousins U BV RI system by comparing the published magnitudes of stars from Massey et al. (2006) , who calibrated their photometry with standard stars of Landolt (1992) , with our instrumental magnitudes. Since the magnitudes in Massey et al. (2006) are given in the Vega system, our photometry is also tied to that system. Finally, except for object 216 in U band, which falls in the gap of the image, we obtained photometry for 392 objects in the individual U BV RI bands. Table 1 lists our new U BV RI magnitudes and the aperture radii used (We adopted 0.258 ′′ pixel −1 from the image header.), with errors given by iraf/daophot. The object names follow the naming convention of Sarajedini & Mancone (2007) . To examine the quality and reliability of our photometry, we compared the aperture magnitudes of the 392 objects considered here with the magnitudes collected from various sources in Sarajedini & Mancone (2007) , and with previous measurements in Park & Lee (2007) and San Roman et al. (2009) . There are 18 clusters, of which the magnitude scatters in V band between this and previous studies (Sarajedini & Mancone 2007; Park & Lee 2007; San Roman et al. 2009 ) are larger than 1.0 mag, i.e. our aperture magnitudes are fainter than previous measurements in Sarajedini & Mancone (2007) , Park & Lee (2007) and San Roman et al. (2009) . We listed these objects in Table 2 , and we also plotted images of these objects in Figure 3 . The circles are photometric apertures adopted here. From this figure, we can see that most of these objects (44, 45, 66, 116, 118, 153, 195, 221, 231, 250, 253, 276, 338, and 367) are very close to one or more bright sources. If photometric apertures are larger than the values adopted here, the light from these bright sources will not be excluded. The object 46 is really faint. As we know, for objects in crowed fields or for faint objects, different aperture sizes adopted for photometry would cause a large scatter in the photometric measurement. In fact, from Table 2, we can see that, for some star clusters (45, 66, 193, 195, 221, 231, 250, and 367) , the photometric measurements obtained by Park & Lee (2007) are also very different from the photometric data collected by Sarajedini & Mancone (2007) . In Sarajedini & Mancone (2007) , the photometric data, which are collected from various original catalogs and are on different zeropoints, are transformed to the reference system of Chandar et al. (1999a Chandar et al. ( , 2001 ) by applying offsets derived from objects in common between the relevant catalog and the data set of Chandar et al. (1999a Chandar et al. ( , 2001 . Chandar et al. (1999a Chandar et al. ( , 2001 derived U BV or BV I photometry of M33 star clusters based on images taken with HST/WPC2 with an aperture of r = 2.2 ′′ for V magnitude measurement and an aperture of r = 1.0 ′′ for the measurement of color. In Park & Lee (2007) , BV I integrated aperture photometry of M33 star clusters, which are included in 50 ′ ×80 ′ field of M33 based on CCD images taken with the CFH12k mosaic camera at the CFHT, are derived with an aperture of r = 4.0 ′′ for V magnitude measurement and an aperture of r = 2.0 ′′ for the measurement of color. San Roman et al. (2009) derived integrated photometry and color-magnitude diagrams (CMDs) for 161 star clusters in M33, using the Advanced Camera For Surveys (ACS) Wide Field Channel (WFC) onboard the HST. These authors adopted an aperture radius of r = 2.2 ′′ for V magnitude measurements and r = 1.5
′′ for the colors. For these 18 sources, the large magnitude scatters in V band between this and previous studies (Sarajedini & Mancone 2007; Park & Lee 2007; San Roman et al. 2009 ) come from different photometric aperture sizes adopted by different authors.
Figures 4, 5 and 6 show the comparison of our photometry of the clusters considered here with previous photometric data in Sarajedini & Mancone (2007) , with previous photometric measurements in Park & Lee (2007) and San Roman et al. (2009) Tables 3, 4 and 5, we can see that, our measurements in V band get systematically fainter than the photometric data in Sarajedini & Mancone (2007) , and the photometric measurements in Park & Lee (2007) To check whether and how seriously aperture variations affect the photometric measurements, we performed test with the same size aperture for all objects considered here. We chose 3.354
′′ (corresponding to 13 pixels in the LGGS images) as a radius for obtaining photometric magnitudes of objects considered here. This aperture size is nearly in between 2.2 ′′ and 4.0 ′′ , which are chosen to obtain V magnitude measurements of M33 star clusters by Chandar et al. (1999a Chandar et al. ( , 2001 ) and San Roman et al. (2009), and Park & Lee (2007) , respectively. Figures 7, 8 and 9 show the comparison of our photometry of the clusters considered here with previous photometric data collected by Sarajedini & Mancone (2007) , and with previous photometry of Park & Lee (2007) and San Roman et al. (2009) . Tables 6, 7 and 8 summarize photometric offsets and rms scatter of the differences between previous measurements and our new magnitudes. It is evident that the photometries obtained with a radius of 3.354
′′ agree good with those in Sarajedini & Mancone (2007) , Park & Lee (2007) and San Roman et al. (2009). From Figures 7, 8 and 9 and Tables 6, 7 and 8, we can see that, except for the (B − V ) difference between our study and those of Park & Lee (2007) and San Roman et al. (2009) , which turned out to be 0.107 ± 0.011 with σ = 0.154 and 0.405±0.068 with σ = 0.263, both the (B−V ) and (V −I) colors and V magnitudes obtained here are in good agreement with previous photometric measurements in Sarajedini & Mancone (2007) , Park & Lee (2007) and San Roman et al. (2009) , and there are no evident difference between the photometric zeropoint here as compared with Sarajedini & Mancone (2007) , Park & Lee (2007) and San Roman et al. (2009) . There are 10 clusters, of which the magnitude scatters in V band between this study and those of Sarajedini & Mancone (2007) , Park & Lee (2007) and San Roman et al. (2009) are larger than one magnitude, i.e. our photometric measurements are fainter or brighter than those in Sarajedini & Mancone (2007) , Park & Lee (2007) and San Roman et al. (2009) . By comparing Table 2 with Table 9 , we find that, except for object 196, the V magnitude of which is nearly not dependent on aperture size, the V magnitudes of other common objects (46, 193, 195 , and 231 ) decrease with aperture sizes. For objects 90 and 132 in Table 9 , the V magnitudes obtained with an aperture radius of r = 3.354 ′′ here are all brighter than previous measurements, however, for object 426 in Table  9 , the photometric magnitude obtained with an aperture radius of r = 3.354 ′′ here is still fainter than previous measurements in Sarajedini & Mancone (2007) and Park & Lee (2007) . For objects 132, 193, 231, 240 and 426, our photometric measurements are in good agreement with those of Park & Lee (2007) . In addition, for object 236, our photometric measurement is in agreement with that of Sarajedini & Mancone (2007) , but is brighter than that of Park & Lee (2007) . We also note that, in Table 9 , there are only 3 objects (90, 195, and 236) , of which the V magnitude scatters between this study and that of Park & Lee (2007) are larger than 1.0 mag. 
Color-magnitude diagram
The color-magnitude diagram (CMD) provides a qualitative model-independent global indication of clusterformation history that can be compared between galaxies, because (B − V ) 0 and (V − I) 0 are reasonably good age indicators, at least between young and old populations, with a secondary dependence on metallicity (Chandar et al. 1999b) . CMDs of M33 clusters have been previously discussed in the literature (Christian & Schommer 1982 , 1988 Chandar et al. 1999b; Park & Lee 2007) . However, with a much larger cluster sample, it is worth investigating them again. Figure 11 displays the integrated M V − (B − V ) 0 and M V − (V − I) 0 CMDs of the sample star clusters of M33. The absolute magnitudes of the star clusters were derived for the adopted distance modulus of (m − M ) 0 = 24.69 obtained by Galleti et al. (2004) . The interstellar extinction curve, A λ , is taken from Cardelli et al. (1989) , Figure 11 we have plotted the cluster distribution in color space. To the right of each CMD in Figure 11 we have shown a histogram of the clusters' absolute V magnitudes.
From Figure 11 , we can see that, the star clusters are roughly separated into blue and red groups with a color Sarajedini & Mancone (2007) according to the photometry here. There is not previous photometry for cluster 216. From Figure 11 , we also see that, the faintest star clusters identified so far in M33 are from Zloczewski & Kaluzny (2009) , there are about eight star clusters fainter than −4.0 mag in V band.
By adding models to the CMDs, we can obtain a more detailed history of cluster formation. Three fading lines (M V as a function of age) of Bruzual & Charlot (2003) for a metallicity of Z = 0.004, Y = 0.24 which being thought to be appropriate for M33 star clusters (Chandar et al. 1999b) , assuming a Salpeter initial mass function (Salpeter 1955 ) with lower and upper-mass cutoffs of m L = 0.1 M ⊙ and m U = 100 M ⊙ , and using the Padova-1994 evolutionary tracks, are plotted on the CMDs of M33 star clusters for three different total initial masses: 10 5 , 10 4 , and 10 3 M ⊙ . The majority of M33 star clusters fall between these three fading lines. From Figure 11 , we note that none of the youngest clusters (∼ 10 7 yr) have masses approaching 10 5 M ⊙ , which is consistent with the results of Chandar et al. (1999b) . The fading lines show that, qualitatively, roughly half the star clusters here are consistent with the 10 4 to 10 5 M ⊙ mass models. For ages older than 10 9 yr, some clusters with substantially higher masses are seen. Figure 12 shows the integrated (B−V ) 0 versus (V −I) 0 color-color diagram for M33 star clusters. Galactic globular clusters from the on-line data base of Harris (1996) (2010 update) are also plotted for comparison. We overplotted the theoretical evolutionary path for the single stellar population (SSP; Bruzual & Charlot 2003) for Z = 0.004, Y = 0.24 that was appropriate for M33 (Chandar et al. 1999b ). For comparison, the evolutionary path of the SSP for Z = 0.02, Y = 0.28 is also overlaid.
Color-color diagram
In general, the star clusters in M33 are located along (2007), we find that the photometry in this study is shifted below the SSP lines more than in Park & Lee (2007) , i.e. the sample clusters in this paper are on the redder side in the (B − V ) 0 color. In fact, from Figure 5 and Table 4 , we can see that the (B − V ) colors obtained here are 0.127 ± 0.013 redder than those of Park & Lee (2007) . From Figure 12 , we also find out that, the photometry for the most Galactic globular clusters is also below the SSP lines. Based on the integrated (B −V ) 0 versus (V −I) 0 colorcolor diagram in Figure 12 , we can select old globular cluster candidates in M33 which being overlapped with the Galactic globular clusters. There are ∼ 50 star clusters which being overlapped with the Galactic globular clusters that are old globular clusters candidates in M33.
SUMMERY AND CONCLUSIONS
In this paper, we present U BV RI photometric measurements for 392 star clusters and cluster candidates in the field of M33 based on archival images from the LGGS (Massey et al. 2006 ). These sample star clusters and cluster candidates of M33 are selected from the most recent star cluster catalog of Sarajedini & Mancone (2007) which being compiled based on eight existing catalogs. In this catalog, the authors listed parameters such as cluster positions, magnitudes and colors in the U BV RIJHK s filters, and so on. However, a large fraction of objects in this catalog do not have previously published photometry. So, the photometric measurements in this paper supplement this catalog. Detailed comparisons show that, in general, our photometry is in agreement with previous measurements. Positions (right ascension and declination) for some clusters are corrected here.
Combined with previous literature, we obtained a large sample of M33 star clusters including 521 objects. Based on this sample of M33 star clusters, we present some statistical results:
(1) none of the M33 youngest clusters (∼ 10 7 yr) have masses approaching 10 5 M ⊙ ; (2) roughly half the star clusters are consistent with the 10 4 to 10 5 M ⊙ mass models; (3) the continuous distribution of star clusters along the model line indicates that M33 star clusters have been formed continuously from the epoch of the first star cluster formation until recent times; (4) there are ∼ 50 star clusters which being overlapped with the Galactic globular clusters on the color-color diagram, and these clusters are old globular clusters candidates in M33. We would like to thank the anonymous referee for providing rapid and thoughtful report that helped improve the original manuscript greatly. This research was supported by the Chinese National Natural Science Foundation through grants 10873016 and 10633020, and by National Basic Research Program of China (973 Program) under grant 2007CB815403. Sarajedini & Mancone (2007) . Offset = our measurement − literature value. Sarajedini & Mancone (2007) . Offset = our measurement − literature value. Photometries of M33 star clusters considered here are derived with an aperture of r = 3.354 ′′ (13 pixels). 
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